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‘L The  Engineer ” and “ Practical Mechanics’ Journal ;” reports on 
the Heaton  method of making  steel; on the  International  Exhi- 
bitions of London, 1861 and 1862 (being a juror  in  the case), and 
Paris, 1867, &c. 

In  January 1842 he  was  awarded a Walker  Prcmium of the 
Institution of Civil  Engineers,  and in 1859 a Talford Medal and 
Premium;  in 1862 the Cunningham Medal of the Royal Irish 
Academy, and in  1877 the TVollaston  Gold  Medal of the Geological 
Society. 

After a life of unusually  sound  health  and  active occupation, in  
the  winter of 1871-2 his eyes suffered  from a severe  attack,  which 
gradually  impaired  and,  after some time,  practically  destroyed his 
sight for all  other purposes than merely  guiding  his movements, 
although  he continued to accomplish much  nlental  work  with the 
aici of an amanuensis. I n  Kovember 1880 he was  attacked by 
cliffuse cystitis,  and  after a year of much  pain,  patiently  and 
courageously  borne, with continuous confinement to bed, he died 
peacefully on the  5th of November,  1881. 

I n  addition  to Mr.  Mallet’s  connection with  this  Institution  he 
was a Fellow of the Royal Society, and  was also a member of the 
following scientific institutions  and professional  bodies a t  home 
and abroad : the Royal Irish Academy (1832), the  British Associa- 
tion (1835), Institution of Civil  Engineers of Ireland (1836 and 
President 18G6), the Chamber of Commerce of Dublin (18371, 
Royal Geological Society of Ireland (1847, Prcsident), the Royal 
Scottish  Society of Arts (1840), Academy of Science, Arts,  and 
Belles Lettrcs of Dijon (1853), the Royal United Service Institu- 
tion (1857), the Geological Society of London  (1859), the Royal 
Philosophical  Society of Giittingen (1859), and of several  minor 
societies. 

M R .  WILLIAM  MILKOR  ROBERTSI was one of the oldest and 
illest active  members of the engineering profession in  thc  United 
States. He was of Quaker descent, and was born in  the  City of 
I’hiladelphia  on the  12th of February, 1810. His education  was 
received in  the best  private schools of that city,  and he devoted 
two  terms  to a special course in mathematics  under  Professor 
Joseph Roberts. He also pursued a course of architectural 

- 

1 This mcmoir has been compiled from a notice in tllc Rio News, supplemcnted 
l)y &tails ctmtsincd in obituaries in the American engineering journals, &rea 
Ju ly  1881. 
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drawing  in  the  first school established by  the  Franklin  Institute 
under Mr. John Havilancl, a  noted architect of that day. On 
leaving school he  continued  his studies, principally  in  mathe- 
matics, of which  he  was  very fond, during  the  winter months, the 
sunnner  being  spent in surveying. 

Owing t o  his  aptitude for mathematical  studies  and  investiga- 
tions, his father’s friend,  Samuel Mifflin, then  president of the 
Union  Canal  Company of Pennsylvania,  advised  his  adoption of the 
profession of civil  engineering, an advice  which he  very wisely 
followed. His  first employment  was on the Union  Canal, of 
Pennsylvania, in  the  spring of 1825, he  being  then in  his  sixteenth 
year.  His  duties  were those of chainman t o  the  eminent canal 
engineer,  Canvass  White,  and  the  chief of the  party t o  which  he 
was attached was  Sylvester  Wclch.  His  progress  in  his  profession 
is shown by  the  fact  that  at  the age of eighteen  he was promoted 
by  Nr.  White  to  the  charge of the most  difficult section of the 
Lehigh Canal, extending from  Mauch  Chunk down for a  distance 
of sixteen miles. I n  1829 he  published  a  description of the  Lehigh 
Canal in ‘‘ Hazard’s  Register.” 

It was Mr. Roberts’ ra,re good fortune t o  have been connected 
with  the  first  railway  enterprises  in  the LTnited States,  his  career 
as an engineer  being  thus  contemporaneous  with the beginnings 
and growth of that  great  agent  in modern civilisation. Railway 
engineering  in  the  United  States began,  in  a  crude  way, in 1826 at 
the Quincy granite  quarry,  a  tramway  being  then constructed for 
the transportation of stone from the  quarry  to  the  water,  a distance 
of three or  four miles. The first  railway of any consequence, 
however,  was the Mauch  Chunk Gravity Road, nine miles in 
length, between the  summit of Broad  Top  Mountain  and the 
head of the Mauch  Chunk  inclined plane. The  first passenger  car 
in  the  United  States was put on this road in  the early  summer of 
1827, and Mr. Roberts  was one of the passengers on the first trip 
down the line. With  the development of railways Mr. Roberts 
grew  into  eminence  as an engineer.  From  his  initiation  as a 
chainman,  just one year  before the  first  line of rails  was  laid in 
the States,  his  career  was one of steady,  substantial  growth  until 
the closing  hours of his life. 

In the course of his  long  career of fifty-six years, Mr. Roberts 
held so many  and so varied positions of trust  and responsibility, 
that a  bare  enumeration of them  is  all  that can be here  given. 
I n  1829 Mr. Roberts’  connection with  the construction  works of 
the Union and  Lehigh Canals  was  brought to a termination, 
and in 1830 he was  appointed  resident  engineer of the Union 
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Railroad  and  a  feeder of the Union  Canal. I n  1831  he was 
appointed  senior  principal  assistant  engineer  under  his  friend  and 
preceptor,  Sylvester  Welch,chief  engineer  on the Allegheny  Portage 
Railroad in Pennsylvania.  This  line has  acquired a classical 
reputation  in  the  United  States,  and some particulars of it may  bc 
appropriate. It abounded in inclined planes, being in  fact more 
analogous t o  a canal then a railroad, the planes taking  the placc 
of locks. In  the  spring of that season  Mr. Roberts  surveyed  and 
located eight of the  ten inclined planes, and  afterwards  super- 
intended  their construction, namely, Nos. 3,4 and 5 on the  western, 
and G ,  7, 8, 9 and 10 on the eastern slope of the  Allegheny 
Mountain. 

The inclination of these  planes  varied from about  8 to  103 per 
cent., except No. 9, which  was 7% per cent. The longest, No. 8, 
being 3,116 feet  (including  a  very  short  curve at  the top, and a 
curve 200 feet  long at   the bottom). It had  a  total  rise of 308 feet, 
the  straight portion  having a rise of 104 feet  per 100, or an angle 
of 5' 51' 9". The old Philadelphia  and  Pittsburg  turnpike, which 
crossed the mountain, in  sight  and close by,  had  upon it grades of 
six degrees,  and he made it a  point, in establishing the inclination of 
the steepest  plane on the railroad, that it should be flatter  than 
the  turnpike  grade,  and  the  fact was stated  in  the published 
reports  following, for the information of the  Legislature  and the 
public. At  that  day t,here  was a dread in  the public  mind in 
regard t o  inclined planes. 

I n  1832, in company with Chief Engineer Welch, he rode across, 
the  country on horseback  from the Allegheny  Mountain, and 
visited the inclined  planes on the Morris  Canal, in New Jersey,  and 
those on the Carbondale and Honesdale  Railroad in North-eastern 
Pennsylvania,  both  being  then  new,  and made notes and  drawings, 
t o  aid in the  studies of the  details of our  mountain inclines. Mr. 
Archibald  was then chief  engineer  and  manager of the Carbondale 
and Honesdale  Railroad,  upon  which the inclined planes, with 
stationary  engines at   the head,  had  recently  been put in operation. 

Several  plans  were proposed for working  the  planes;  the one 
adopted combined a  double-track  railroad and  an endless rope. 

The machinery  which  worked  the  inclined  planes  was  simple. 
An endless  rope of from 3 to 34 inches in diameter (for different 
planes)  passed  around a large horizontal, double-grooved, fixed 
wheel at  the head of the plane, and  thence,  supported on nume- 
rous sheaves set  in  the middle of the  tracks, t o  the foot, and 
around  a  movable,  smaller  horizontal  grooved  wheel below the foot 
of the plane. The lower  wheel  was attached  to  the  carriage ao 
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that when necessary, the slack of the rope, from stretching, was 
readily  taken  up. The  stationary engiues  had double cylinders, of 
sizes proportioned to  thc  particular plane. There were  two 
systems of brakes for restraining  the velocity of the rope a d  
stopping the attached  cars a t  pleasure; one, the ordinary  iron- 
band  friction  brake ; the other, R water cylinder, having a regu- 
lating valve,  which,  when partly closed,  checked the speed in 
proportion to  the space left open for the  water  to  rush  through, 
which,  when entirely closed,  stopped all motion. The engines 
were high pressure, and were built at  Pittsburg and  Blairsville. 
The ropes first used were  hempen, though some grass ropes were 
put on during  the  year  which answered  tolerably well. The 
freight  cars mere all four-wheeled, weighing from 3 to 34 net tons 
each. The passenger  cars  first uscd were of the primitive forma- 
tion,  designed and  put upon the road by Mr. Lot Dixon,  one of 
the assistant  engineers. They seated  comfortably  twenty-five 
persons inside,  and, like a modern street car, accommodated 
an indefinite  number outside. Frequently  they L‘ put  the passen- 
ger  cars  through ” over the  thirty-seren nliles, including the 
passage of the  ten inclined  planes, in about five hours, and some- 
times,  under the most favourable circumstances, in four hours. 
Upon  one  occasion, late  in  the season, the business of the road, a t  
Plane No. 10, when the stationary  engine  was  out of order, was 
carried on by means of one of Willianl Korris’s  locomotives, which 
weighed  about 1 2  tons, by  running it empty  up  the plane, 
and  then  attaching it to  the endless  rope  on the descending  track, 
putting on steam,  and  thus  pulling  up a train on the ascending 
track,  then  detaching  thc locomotim at  the foot of the plane, and 
again  running it up. The same  or a similar locomotive was run, 
by its own steam, up  all  the planes, including the steepest on the 
road, namely, 102 feet  per 100 (541 feet  pcr mile) for 3,100 feet of 
length,  the total rise  being 308 feet. The inclination of Plane 
No. 10 was 8; feet  per 100, or 43G feet  per mile, its  length a little 
less than half  a  mile (2,205 feet).  At  the  time  the locomotive was 
run  up  the  grade of 541 feet  per  mile,  the opinion  was that for 
an engine of that construction (with  two drivers), 105 feet per 
100 was  near the  limit  at which it could be run up by only its 
own adhesion. There  was a  general impression  among English 
engineers,  assented to  readily by  the  still less experienced 
American brethren,  that locomotives  could  do very  little work  on 
grades  above 30 feet  per mile. There were then inclines of only 
50 feet  per  mile in  England worked with ropes and  stationary 
machinery. 

X 2  
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I n  1835, in his  twenty-sixth  year, Mr.  Roberts  received his  first 
appointment as chief  engincer,  being called t o  fill that position on 
the  Harrisburg and  Lancaster  Railroad. I n  1836 he  accepted the 
chief  cngineership of the Cumberland  Valley  Railroad,  which  he 
held during  that  year and a part of 1837. Dllring  this  timc  he 
planned  and  built  the  first combined railway  and  conmon  road 
bridge,  which crossed the Susquehanna  River at  Harrisburg. For 
the  twenty years, from 1837 t o  1857,  Mr. Roberts'  career was one 
of alnlost unexampled  variety. He was  successively  chief  engi- 
neer on the Monongahela River  improvements, the  Pennsylvania 
State Canal  construction  works, the  Erie Canal,  and the Ohio 
River improvements (1837-1841). I n  1841-42 contractor on thc 
Welland  Canal  (Canada)  enlargement. I n  1843-44 chief  engineer 
for the  Erie Canal  Company,  and from 1845 to 1847 chief  engineer 
and  trustees'  agent for the  Sandy  and Beaver  Canal Company, of 
Ohio. I n  1848 appointed by  the  legislature of Pennsylvania t o  
make a survey to avoid, if possible, the  Schuylkill  (Philadel- 
phia)  inclined plane. I n  1840 chief  engineer of the Bellefon- 
taine  and  Indiana Railroad of Ohio, where  he  remained  until 
1851. From  1852 t o  1854  chief  engineer of the Allegheny  Valley 
Railroad, a line  running almost  parallel  with  that which u'as the 
scene of his  first exploits, consulting  engineer for the  Atlantic  and 
Mississippi  Railroad,  contractor for the whole of the  Iron Mountain 
Railroad of Missouri, and  chairman of a commission of three 
appointed by  the  Pennsylvanian  Legislature t o  examine  and  report 
upon routes for avoiding the  inclined planes of the old Allegheny 
Portage Railroad, and from 1855 to  1857  contractor for the  entire 
Keokuk, Des  Moines and  Minnesota  Railroad,  consulting  engineer 
for the  Pittsburg  and  Erie,  and  Terre  Haute, Vandalia  and  St. 
Louis  Railroads,  and  chief  engineer of the  Eeokuk, Mt. Pleasant 
and Muscatine  Railroad. 

I n  December  1857 Mr. Roberts sailed for Brazil t o  examine 
the route of the Dom Pedro 11. Railway  with  the purpose of 
bidding for its construction, and  in  the following year, as  the 
senior  member of a  firm of American contractors, he concluded a 
formal  contract in  the United  States  with  the  Brazilian  minister, 
Sr. Carvalho  de  Borges, for the construction of this road, and 
shortly  after  returned to Brazil  and took active  charge of the work. 
This  line was  regarded as the most  difficult and  expensive  railway 
of the period;  though since then more  difficult and more costly 
works  have  been  projected  and  carried through in Europe,  and 
some with even  bolder  features  have  been  constructed on the 
r'acifie  Coast of South  America. He remained on the work until 
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its completion in 1864.’ During  the  remainder of 1864 and a part 
of 1865 he  visited  various  railways  and  public works in Brazil and 
the  Platine republics, returning  to  the  United  States  in  the  latter 
part of 1865. 

Soon after  his  arrival in the  United  States Mr. Roberts took 
charge of the surveys  for the  Atlantic  and  Great  Western  Rail- 
road, which  he completed in  April 1866. After some  miscellaneous 
work in  the West,  he was appointed in 1866 -by  the secretary of 
war,  Edwin M. Stanton,  as  United  States  Civil  Engineer-in-charge 
of the Ohio River  improvement. 

In   the summer of 1868 the  health of Mr. J. B. Eads, M. Inst. 
C.E., became so much  impaired that  his physician  urged the 
necessity of his resignation as chief engineer of the  St.  Louis 
bridge,  and a complete  cessation of all professional labour until it 
should  be restored. The directory of the Bridge Company,  however, 
refused to accept his resignation, but  instructed Mr. Eads  to select 
some other  engineer to fill his place for the ensuing  year. Mr. 
Roberts  was selected for  this service, and was in  full  charge of 
that  important work during  the  ensuing  twelve months. After 
Mr.  Eads’  recovery and resumption of his  duties, Mr. Roberts 
remained, at  the special  request of Mr. Eads, for several  months 
longer, as his chief assistant, with  the  title of “Associate Chief 
Engineer.” The position of chief engineer of the  great transconti- 
nental line,  known as  the  Northern Pacific Railway,  was  tendered 
to Mr. Roberts, and  his acceptance of it in  the fall of 1869 com- 
pelled a severance of his professional  connection with  the  St.  Louis 
bridge. 

In 18i4 the proposal of Mr. Eads to deepen  one of the mouths of 
the Mississippi by means of jetties was the subject of a notable 
controversy  among the engineers of the United  States, a large  and 
influcntial  portion of them advocating the construction of a  canal 
by which  to avoid the obstructions at  the mouth. This method 
had  had the official approval of a board of engineers of the U.S. 
army  in 1873. Congress in 1874 authorised the President of the 
U.S. t o  appoint  a second  commission to decide upon this  important 
subject. It was composed of three  army engineers, three  civil 
engineers, and one engineer of the U.S.  Coast Survey. Mr. 
Roberts  was one of the civil  engineers selected by Gen. Grant for 
this purpose, and in  company with other members of the com- 
mission he  visited the Amsterdam Canal, the jetties at  the mouth 

1 A description of this railway  will be found in the Minutes of Proceedings 
Inst. C.E., vol. six., p. 240. 
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of the Danube, the Suez Canal, and  the canal at  the mouth of the 
Rhone, and subsequently  t,he  delta of the Mississippi. The  report 
of this commission was  made in favour of the  jetty system in 
January 1875, and  in  the following March the U.S. congress 
accepted the proposition of Mr.  Eads. In the succeeding fall, 
Mr. Eads selected seren  distinguished engineers, each of whom 
had devoted much study to the subject, to form an  advising board 
to examine and  report upon the plans that he had  matured  for  this 
work. This board  consisted of Gen. J. G. Barnard, U.S.A., presi- 
dent, Col. W. Milnor  Roberts, Sir Charles A. Hartley, M .  Inst. C.E., 
Gen. B. S. Alexander, U.S.A., T. E. Sickels, Chief Engineer  Union 
Pacific Railway,  Prof. Henry Mitchell, U.S.  Coast Survey,  and 
D. Vhitcomb, C.E., secretary of the board. A11  of these  gentlcmen 
excepting Gen. Barnard  and  Sir  Charles  Hartley  had been  members 
of the U.S. colnlnission last mentioned. General  Barnard was 
president of the board of 1873, but dissented  from its recom- 
mendation of a  canal.  Gen. H. G. Wright, U.S.A., now Chief of 
the U.S. Engineer Corps,  was president of the second  U.S.  coin- 
mission, but dissented from its  report  in favour of the  jetty system. 

During  the  tour of His Majesty Don Pedro 11. to  the United 
States, he visitcd the  jetties  at  the  mouth of the  Nississippi; and 
in  1877 he requested Mr. Eads to recommend an  engineer coin- 
petcnt  to improve the  rivers  and  harbours of Brazil. Mr. Roberts 
was  then  in  Washington  territory on the Pacific slope, locating 
the  line of the N.P.  Ry., and  ten  days beyond the reach of Inails 
or  telegrams. He was recoinmended for the position and accepted 
an offer  of three yeare’ en~ployment for seventy-five  t1musand 
dollars, January 1Y79. 

During  the  year 1876 he held the position of Vice-president in 
the American  Society of Civil  Engineers,  and at  the close of 1878 
he  was  elected  president of that society  for the  ensuing year. 

He  left New York on the  4th of January 1879, and  arrived 
in Rio on the 27th of the same month. He was a t  Once charged 
with  an examination of the  Port of Santos,  and  entered upon 
his  new work in  thc following month. This  task  was complete(1 
in June, and on the 31st of Angust Mr. Roberts set  out for all 
extended  examination of the  Upper Sao  Francisco. He was 
accompanied on this  survey  by Professor 0. A. Derby, of the 
National Museum, Mr. Rudolf Wieser,  assistant,  and  by  several 
young  Brazilian  engineers.  This  survey was the most difficult 
and  important one  upon which Mr. Roberts  was  engaged, the field 
work  alone  occupying  a  period of over six months. After a  long 
interval  had elapsed, during  which  time  he served  on a commis- 
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sion to  report  upon the new  waterworks for Rio,  Mr. Roberts 
was commissioned with  the  examination of various northern ports, 
and  in  two  separate  trips made careful  surveys of the ports of 
Pernambuco,  Fortaleza,  Maranhao,  Victoria,  Caravellas, and  several 
other  small  ports. 

Yery  recently  he  was  instructed to csanline thc  Port of Rio 
Grande, but  this work  was  afterwards deferred in order to  have an 
examination made of the Rio das Velhas,  province of Minas  Geraes, 
during  the season of low  water. Accompanied by Professor 0. A. 
Derby, geologist, and Mr. J. W. de Ap ia r ,  assistant, Mr. Roberts 
set  out on this  his  last  journey on the 2nd of July, 1881. He was 
compelled to suspend his  journey on the  7th  at a little  settlement 
called Soledado, wherc an indisposition that had been troubling 
him for some time developed into  typhus fever. A week afterwards, 
on the  14th of July,  he died, in his seventy-second year,  and  was 
buried in  the parish  cemetery of Caramandahy,  near  Barbarena, 
Minas Geraes. 

I n  the course of an  active  career,  extending over  more than half 
a century, Mr. Roberts  achieved a reputation that placed him at  the 
very head of his profession in  the United  States,  and  which  extended 
to  this country,  where  hc  was  widely  known  and esteemed. 
Although  his  capacity for hard work  may  be  inferred from the 
foregoing record of his  cngagements, they  givc but a fa.int  idea of 
the wonderful  energy,  physical and  mental,  which,  even  when he 
was past  seventy, allowed of his  regularly  working  twelve  hours 
a day  in  the  depths of a primeval forest. Allied to  this passion for 
active  enterprise was a simple-minded straightforwardness of 
character that endcared him  to  his  friends more even  than  his 
brilliant professional  powers. “Together  with  this  bounty of 
Heaven in mind  and in opportunity  went a corresponding  moral 
endowment-honour, faith, decision, firmness-the  god within  him 
called Integrity of Character,  which  is the glory of man.  And 
with  all fulness of spirit,  who that knew  him but must  remember 
the shapely, vigorous frame  he  had, the manly  front,  the  sparkling 
clark eye, the beaming  smile ! For  never a  kindlier  heart  beat  in 
human bosom.” 

Nr. Robcrts  was  elected a Member of this  Institution on the  5th 
of December,  1876, and  had promised to present  a  paper  (which it 
was understood was  being  prepared at  the  time of his  death) upon 
the  River System of Brazil. 

-~ ~ 

’ Engineering News, Nem York, July 30, 1881. 
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